Introduction
Tuberculosis (TB) is a serious public health problem in Zimbabwe. World Health Organization (WHO) defines tuberculosis as an infectious bacterial disease caused by Mycobacterium tuberculosis, which most commonly affects the lungs. It is transmitted from person to person via droplets from the throat and lungs of people with the active tuberculosis. In healthy people, infection with Mycobacterium tuberculosis often causes no symptoms [1] . Tuberculosis is treatable with a six-month course of antibiotics under the Directly Observed Treatment Short Course (DOTS) [2] .
Globally in 2010, there were 8.8 million incident cases of TB, and WHO estimates TB to be among the leading causes of death and disability. The effects are hardly felt among the economically active segment of the world's population [2] [3] .
The international targets for tuberculosis control, framed within the United Nations' Millennium Development Goals, are to ensure that by 2015 the global TB incidence rate is declining and the global TB prevalence and death rates for 1990 are halved [4] . These targets are to be achieved by implementing WHO's Stop TB Strategy (founded on the core DOTS strategy. This strategy was launched as a coherent strategy that enables existing achievements to be sustained while effectively addressing the remaining constraints and challenges [4] . It underpins efforts to strengthen health system, alleviate poverty and advance human rights. It has a vision of a world free of TB and targets to eliminate TB as a public health problem by 2050 [1] [4] .
The global burden of tuberculosis (TB) is highest in the Sub-Saharan Africa and can be attributed to the high prevalence of human immunodeficiency virus infection (HIV) which is known to increase the risk of developing TB [5] . Zimbabwe, which ranks 17th among the 22 tuberculosis high burden countries as of 2009, had a TB incidence rate of 762 cases per 100,000 population and an HIV co-infection prevalence of above 75% in 2008. TB remains one of the main public health threats in Zimbabwe and the key activities in the control of tuberculosis are early diagnosis of individuals with TB and their correct and efficient treatment in such a way that no drug resistance is created [3] [5] [6] .
There are three priority strategies that are fundamental to TB prevention and control in Zimbabwe. One of the priorities involves health programs that are directed at decreasing morbidity and mortality. These strategies involves the identification and treatment of persons who have active TB, active case finding and screening of vulnerable persons who have been in contact with TB patients, those working in dusty environments, HIV infected and health community workers (HCWs) to determine whether they have TB infection or disease and provide them with appropriate prophylactic treatment. Also screening of high risk populations to detect persons infected with M. Tuberculosis and whose early treatment would prevent further spread of the infection to the uninfected persons is among the priorities [3] [7] .
In sub Saharan Africa, the reported challenges for the TB control programs are human immunodeficiency virus (HIV) co-infection and drug resistance [7] . TB-HIV co-infection has been shown by several studies to be a risk factor for progression to TB disease and high mortality has been reported among HIV-infected TB patients [8] .
Zimbabwe adopted the recommended WHO DOTS policy package in 1994. By end of 2002 DOTS coverage was assumed to be 100% (geographically). DOTS have been recommended by international tuberculosis organizations, and have been shown to be effective in achieving a high successful treatment rate, from 86% to 96.5%. DOTS also lead to significant reductions in the frequency of primary drug resistance, acquired drug resistance and relapse [9] .
Kwekwe district covers a total population of 316,058 (one fifth of midlands province). The district has a total of 42 health facilities (three hospitals) and all offers TB services according to the national TB guidelines. In the district, tuberculosis control program services are available through a decentralized network of primary health care facilities that provide DOTS. Every health facility captures diagnosed TB cases into the facility TB register and the information is consolidated at district level into the district TB register [3] . The 2010 TB records showed that an average of 72% of all TB cases are HIV positive and more than 99% of all TB patients were offered testing and counseling services [10] .
The 2010 tuberculosis cohort analysis showed that the province performed below expected WHO 2011 to 2015 revised targets of 87% cure rate, less than 5% death rate and defaulter rate and zero percent treatment failure and transfer outs [11] . The major contributing poor performing district was Kwekwe district with a cure rate of 61%, death and defaulter rate of 12% and 14% respectively. Treatment outcome results serve as a proxy of the quality of TB treatment provided by a health care system and in Midlands Province, a five year period trend analysis has never been carried out. This study aimed to analyze trends of TB treatment outcomes of new sputum smear-positive patients for each year of cohorts in Kwekwe district over a period of five years.
Methods

Study Design and Setting
We conducted a retrospective cohort analysis of all sputum smear positive TB patients diagnosed and treated according to the national TB control program guidelines. The cases were registered from two diagnostic and treatment centres in Kwekwe district. Kwekwe district is one of the eight districts in the midlands province and it serves a total population of 315,336 people. There are two TB diagnostic centres namely Kwekwe General Hospital and Silobela Hospital (designated district hospital). At the hospitals, there is the Directly Observed Therapy (DOT) clinic where diagnosis of pulmonary tuberculosis is followed by the examination of sputum by acid fast bacilli (AFB) smear microscopy method. Chest radiographs are also used to support the diagnosis. Patients diagnosed with tuberculosis are then referred to the DOT clinic where they are registered and treated according to the National Tuberculosis Control program guidelines. Also according to the guidelines all tuberculosis cases are offered provider initiated HIV testing and counselling.
Data Collection
A review of the District TB register with information of all TB patients registered from the two diagnostic and treatment centers from 2007-2011 was conducted. These registered documents contained basic information such as patient's age, sex, address, tuberculosis type, type of patient, HIV tested results from 2010 and treatment outcome. All diagnosed TB cases are recorded in the health facility TB register and receive treatment according to the national tuberculosis control program (NTP).
The outcome variables of interest were the proportion of new sputum smear-positive cases cured, treatment failure, died while on treatment, transferred out and treatment completed against World Health Organization (WHO) targets. Other variables of interest that were included in the analysis were: age measured in years, patient sex (male or female), and HIV status (positive vs. negative). HIV test among TB cases is mandatory/recommended in Zimbabwe.
The work was conducted in compliance with the Institutional Review Boardrequirements of the Health Studies Office and permission to carry out the study was sought from Provincial Medical Director-Midlands province and the District Medical Officer Kwekwe district.
Operational Definitions
According to the Zimbabwe tuberculosis national guidelines the following clinical cases and definitions for TB treatment outcomes were used [3] .
New Smear positive TB case is a patient who has never had treatment for TB or who has taken anti-TB drugs for less than one month Treatment outcome was divided into six categories according to the national TB control program guidelines: cured (a patient who was smear positive at diagnosis, who was smear-negative at the end of the last month of treatment and on at least one previous occasion), treatment completed (any patient who was smear-positive at diagnosis and had completed treatment but in whom smear examination results were not available at the end of treatment) died (any patient who died irrespective of the cause of death during the course of treatment) treatment failure (any patient who remained or became positive at the end of the fifth month or later during treatment), treatment defaulter (any patient who has interrupted treatment two consecutive months or more after the date of the last attendance during the course of treatment) and transfer-out (a patient who was transferred to another treatment center and whose treatment outcome is unknown).
Defined Outcome Variables
In the final logistic regression model, favorable treatment outcome was the combination of Cured and Treatment completed while deaths, defaulted, treatment failure and transfer out were defined as unfavorable treatment outcome.
Statistical Analysis
All records of TB patients from 2007 to 2011 were included in this study. Data was double entered into Epi Info version 3.5.1 then checked and edited for inconsistencies. Data was then exported to SPSS version 16 for analysis. Results were expressed as absolute frequencies (n) and percentages (%). We used proportions with 95% confidence intervals and Chi-square test to compare different groups. Bivariate and multivariate logistic regression was carried out for selected socio-demographic and clinical risk factors including age, sex, place of residence and HIV status of TB patients. Since data was determined to be missing at random, a complete case analysis was conducted. P values of less than 0.05 were considered statistically significant.
Results
Completeness of the District TB register was above 95%. A total of 4105 TB cases were registered from 2007 to 2011. Of all the registered TB cases, 90% were new cases while 9% were re-treatment cases and 1% other cases. According to diagnosis, 336 (8.2%) were extra pulmonary tuberculosis cases, 1741 (42.4%) were pulmonary sputum smear-negative (PTB−), 738 (18.0%) were pulmonary TB sputum not done and 1290 (31.4%) were sputum smear-positive (PTB+). Table 1 shows the general characteristics of the new sputum smear positive TB patients (n = 1115). Of these 501 (44.9%) were females while 614 (55.1%) were males. The age group 24 -35 years had the majority of TB patients, 325 (35.5%). The majority of patients were from urban populations 787 (70.7%) while 310 (27.1%) was from rural populations, 0.5% and 0.9% percent from mines and new farms respectively. Of all new sputum smear-positive TB cases tested for HIV, 78.9% were HIV positive and 21.1% were HIV negative respectively. Table 1 Characteristics of study population (n = 1115), new sputum smear positive tuberculosis patients, Kwekwe district, 2007-2011. Figure 2 shows the age distribution of new sputum smear-positive TB patients in relation to HIV status. The highest proportions of the patients with TB HIV co-infection was in the age group 35 -44 years accounting for 36.2% of the patients followed by the 25 -34 years (35%).
Demographic Characteristics of New Sputum Smear Positive TB Patients
Treatment Outcome Trends
In the final multivariate logistic model, the proportion recorded as having unfavorable outcome varied by age group, HIV status and place of residence ( Table 3 ). The risk of unfavorable treatment outcome was 2.76 (95% CI: 1.40 -5.44) times higher among TB patients older than 65 years. In addition, HIV positive TB patients were 
Discussion
An analysis of treatment outcomes is of paramount importance to the national TB control program. Most importantly, treatment outcomes of sputum smear positive TB cases are among the priority strategies to TB prevention and control as they are highly infectious and thus should complete treatment and be tested at end of treatment to ensure that they are cured. Our study found that cure rate of the five cohorts from 2007 to 2011 which ranged from 40.8% to 64.3% is lower than the WHO Target of 87% (updated target 2011-2015). The low cure rate can be due to high defaulter rate that ranged from 4.0% to 12.0%, treatment completed rate of 15.5% to 30.4% and death rate of 5.3% to 13.7%. Therefore further investigations are needed on these outcomes. Similar findings were observed elsewhere in Africa. In a study conducted in Malawi, treatment outcomes among the 4003 sputum smear positive PTB cases was 72% treatment completed, 20% death rate, 4% defaulter rate and 2% transfer out [12] Cure rate was greatly affected by the proportion that completed treatment. However, it is important to note that the proportions among each cohort that completed treatment was declining over the years from 2007-2011 (p = 0.026). This is a positive achievement to the TB control program since this shows that a greater proportion of the sputum smear positive TB cases are being monitored and sputum is collected after treatment completion to confirm that indeed the individuals are cured. However much still needs to be done in the district to ensure that all sputum for smear-positive TB patients are collected and tested at 5months and at completion of DOT as per national TB control program guidelines.
The low cure rate and treatment success observed in our study can also be due to the fact that our DOT Clinic is facility based. A study conducted in Tanzania reported treatment success of 81% in community based DOT and 70% in patients under facility-based DOT [13] . Thus facility based DOTs should be backed by a strong community component especially on defaulter tracing as well as counseling to improve adherence to treatment.
The defaulter rate in this study was double the WHO International Target of 5% and it was increasing across the years. It has been documented in other settings that counseling, sustained supervision, home visits and health education have been used successfully as interventions to reduce defaulter rates of tuberculosis patients [14] . As observed from the dataset, the defaulter rate could have been increased due to poor patient tracing as indicated by the documentation of another outcome that was termed not located which is not consistent with TB program guidelines. This is evidence that follow up of patients as well as guidelines adherence in the district are poor. This has negative impacts on the TB control program as treatment defaulters are more likely to develop MDR TB. Thus our findings indicate that there is need to strengthen defaulter tracing and implement interventions that may reduce defaulter rate of tuberculosis patients in Kwekwe District. A study by Datiko et al., (2009) reported that the use of health extension workers was effective in increasing treatment success and tracing defaulters [15] .
This study also showed that deaths among sputum smear-positive PTB patients were decreasing across the years. This can be attributed to the provider initiated HIV testing in our setting where TB cases are encouraged to be tested and initiated on antiretroviral therapy for TB/HIV co-infected patients. In our study 86.5% and 73.6% in 2010 and 2011 respectively of the TB patients tested were HIV positive. Our findings suggest that TB/HIV collaboration in the district is effective as since 2010, there was a marked decline in deaths among TB patients. The finding is consistent with findings by Girdrdi et al., 2001 where they reported that concurrent administration of ART and anti-tuberculosis treatment in TB/HIV co-infected patients have been associated with improved survival [16] - [18] . On the other hand, TB/HIV co-infection was highest among the 25 -44 years age group. This may be because this age group is economically and sexually active.
In our study unfavorable outcome was significantly higher among patients above 65 years of age, urban residents and those HIV positive. Our study finding concurs with findings by Tessema et al., 2009 where they observed that as age increased the death rate of patients was steadily increased. Another study conducted in Tigray Region, Northern Ethiopia found that unsuccessful treatment outcome was significantly higher among patients older than 40 years of age [12] [19] [20] . Another study in Thailand showed that an age above 60 years was significantly correlated with treatment interruption and treatment failure [21] . Older age has been reported in many studies as a risk factor for death [19] - [21] . This may be, because older individuals are challenged by many de-terminants of health including low socio-economic status than the younger generation. This age group is also physiologically deteriorating and cannot fight many infections and some of them are less able to reach health facilities [16] [22] . Thus older age requires close monitoring to reduce deaths among TB patients.
HIV positive TB patients were shown by several studies to be associated with unsuccessful treatment outcomes which include treatment interruption and death. Another study conducted in Ethiopia also showed that HIV positive patients are more likely to default treatment than the HIV negative counterparts [17] [23] . These results however, are not in agreement with a study conducted by Berhe et al., 2012 in the Northern Region of Ethiopia, where they found no association between HIV status and unsuccessful outcome [14] . This can be explained by the fact that our study was a cohort analysis of new sputum smear positive TB patients only and was comparable unlike the study in the Tigray Region where it looked at sputum positive TB patients including new and retreatment cases.
We also observed higher deaths in urban populations compared to rural. The possible explanation may be that sputum smear positive TB is highly infectious, and in some urban areas, people are densely overcrowded per m 2 compared to rural residents. It is also possible that most of the houses in some urban areas are poorly ventilated and not to forget that sick rural folks migrate to urban areas in seek of better health care at advanced stages of illness.
Our study found that rural residents were more likely to default treatment compared to those in urban. This can be attributed to the fact that, in rural areas physical access to health facilities is a challenge. Even though treatment is offered for free in public institutions, there are other in-direct costs that may lead patients to default treatment in rural settings. Our findings are consistent with a study conducted in Southern Ethiopia, where physical access to health care services was associated with treatment interruption [24] .
Data from this study revealed that sex was not significantly associated with treatment outcome but male gender had a trend of more likely to die than females. There are several possible explanations; males have poor health seeking behavior than females and usually they seek medical attention late at advanced stage of the disease. Males also decline HIV testing and majority gets tested when critically ill. Furthermore, males often have poor adherence to treatment and default treatment compared to females [17] [23] . This Lack of association was somewhat unexpected as reports from other studies indicate these as significantly associated with unsuccessful treatment particularly male gender. The differences in our study findings with other studies can be due to a myriad of factors. These may include differences in socio demographic factors and the burden of tuberculosis in various settings. Also in this study we did not look at treatment outcomes and associated risk factors for other forms of TB. However, our finding concurs with findings by Berhe et al., 2012 where different sexes of patients did not show any statistical significant association with unsuccessful treatment outcome [16] .
Our study reveals that defaults and deaths (unfavorable treatment outcomes) are still threatening the success of the TB control program. There is need to carry out further investigations to explain the factors associated with an increase in high defaulter rates in the district.
Study Limitation The limitation of this study was that, information on HIV was only documented comprehensively from 2010 to 2011.
Conclusion
The cure rate was far below the target of 87%. Deaths and default rates were above the recommended WHO target of less than 5% and were a public health concern. To improve treatment outcome in Kwekwe, we recommend defaulter tracing, support and supervision as well as continued health education to TB patients to reduce defaults.
